High concentrations of xenobiotics from urban and industrial wastes have contributed to the contamination of many aquatic environments. We used the comet assay to evaluate the genotoxic potential of water collected from the River Paraná, which receives a great deal of waste, at three points (Puerto Piray, Eldorado and Montecarlo) in the Misiones Province of Argentina. The in vivo comet assay used 40 freshwater clams (Corbicula fluminea) while the in vitro comet assay used Chinese hamster (Cricetulus griseus) K1 cell (CHO-K1) cultures with the mutagen ethyl methanesulfonate (EMS) as the positive control and phosphate buffered saline (PBS) as the negative control. Both assays showed statistically significant differences between the three sampling sites in relation to the negative control, the results of this preliminary study indicating that at these three sites water from the Paraná River presents genotoxic potential.
Introduction
The high concentrations of xenobiotics from urban and industrial wastes have contributed to the contamination of aquatic environments (Al Sabti and Metcalfe, 1995) . These substances could be potentially genotoxic or mutagenic and could be directly and/or indirectly accumulated by the aquatic organisms causing DNA damage (Sasaki et al., 1997; Lee and Steinert, 2003) . The evaluation of genotoxicity through the response of sentinel organisms (bioindicators) to the pollutants is an important tool for the control of contamination in aquatic environments (Rajaguru et al., 2002) . Bivalve mollusks are very useful as bioindicators, since they are sedentary filter feeders and have the capacity to bioaccumulate contaminants (López-Barea and Pueyo, 1998; Gielazyn et al., 2003; Bolognesi et al., 2004) . The Asian clam Corbicula fluminea is an exotic freshwater bivalve introduced into Argentina around 1970 and is now widely distributed along the Paraná River and an important component of the benthic community. These clams are an optimal in vivo biomonitor for aquatic environments due to their high filtration rates, ease of collection and the fact that their laboratory maintenance is simple (Cataldo et al., 2001) . The bioaccumulation capacity of C. fluminea in bioassays has been reported by several workers (Bilos et al., 1998; Rigonato et al., 2005) . Furthermore, a study of the lower Paraná River showed a high mortality of young C. fluminea in regions contaminated with urban and industrial effluents, suggesting that this bivalve could be a reliable indicator of water quality (Cataldo et al., 2001) . Xenobiotic testing can also be accomplished in vitro in the laboratory using well established cell lines such as Chinese hamster (Cricetulus griseus) K1 cell (CHO-K1) cultures (Takahashi, 2003; Bellini et al., 2006) , which provide an excellent biological model for evaluating potential genotoxicity in polluted water (Matsumoto et al., 2003) . Single cell gel electrophoresis (SCGE), commonly called the comet assay, is capable of detecting DNA damage in practically all eukaryotic cells (Kassie et al., 2000; Tice et al., 2000) and is widely used for pollutant biomonitoring in aquatic environments (Sasaki et al., 1997; Tice et al., 2000; Avishai et al., 2002; Lemos et al., 2005) .
Rivers in Argentina have shown a high level pollution, this being especially true for the Paraná River, one of the largest rivers in the world, which has a large part of its watershed in Brazil. The Paraná River collects a variety of wastes and pollutants, including agrochemicals and industrial and urban effluents, from its headwaters and carries these into Argentina (Foguelmen and Gonzalez Urda, 1994) .
During the study described in this paper we used the in vivo comet assay with the bivalve mollusk C. fluminea and the in vitro comet assay with CHO-K1 cells to carried out the first evaluation of the potential genotoxicity of Paraná river water from three different localities in the Misiones province of Argentina.
Materials and Methods

Water samples
Water samples were collected along the Paraná River from north to south at the following three sites in Misiones province Argentina: Puerto Piray (port Piray) at km 1800 (26°28' S, 54°42' W), near the discharge site of a paper and pulp mill; Eldorado city at km 1806 (26°24' S, 54°38' W), 6 km upstream (north) of Puerto Piray; and Montecarlo city at km 1787 (26°34' S, 54°47' W), 13 km downstream (south) of Puerto Piray. Quilometers 1787, 1800 and 1806 refer to the mouth of the Paraná river. The water was placed in appropriate glass bottles and transported to the laboratory at the General Biology Department at the Universidade Estadual de Londrina, Paraná, Brazil within 12 h, during which time the temperature of the samples did not rise above 20°C.
Bioassay procedures
For the in vivo clam bioassay we collected 40 Corbicula fluminea Müller 1774 (Veneroida Corbiculidae) freshwater clams from the riverbed of the River Cambé near the town of Londrina in the Brazilian state of Paraná, and transported to the laboratory of the Universidade Estadual de Londrina where they were acclimatized and detoxified for 30 days in 120 L of constantly aerated water taken from a well at Universidade Estadual de Londrina and contained in a glass aquarium (80 cm long 28 cm wide 40 cm high), the volume being kept constant by the addition of well water and the temperature during this time ranging from 18°C to 20°C. For each river water sample, a group of 10 clams was placed for 72 h in 2 litres of the aerated river water sample contained in a glass aquarium (30 cm long 20 cm wide 18 cm high) at 18°C to 20°C, a further 10 clams being maintained, under the same conditions, in well water as a negative control. After 72 h sterile 1 mL syringes were used to collect haemolymph from the posterior adductor muscle of each clam, the haemolymph being placed in Eppendorf tubes and centrifuged for 5 min at 2000 rpm to pellet the cells, which were subsequently resuspended in the same supernatant for use in the comet assay.
For the in vitro CHO-K1 assay the cells were grown in a 1:1 (v/v) mixture of HAM's F10 medium and Dulbecco's Modified Eagle's medium (HAM F10:DMEM) supplemented with 10% (v/v) fetal calf serum and 0.1% (v/v) antibiotic-antimitotic solution and buffered to pH 7.2. Cultures were incubated at 37°C for 46 h and then separated from the culture medium by centrifugation for 10 min at 1250 rpm and placed in 30 mL of river water to which 10 mL of the above culture medium was added to give a 3:1 dilution. This procedure was repeated for the water sample from each site and 5 mL aliquots distributed in culture flasks, three for each water sample. For the negative control CHO-K1 cells were produced in the same way as above, except that the cells were placed in 40 mL of 3:1 (v/v) phosphate buffered saline:culture medium, 5 mL aliquots of this cell suspension being distributed in three separate flasks. The same procedure was adopted for the positive control, except that the cells were placed in 40 mL of culture medium containing the mutagen ethyl methanesulfonate (EMS, CAS: 62-50-0, Sigma) at a final concentration of 150 μg mL -1 . In all cases, the CHO-K1 cells were incubated at 37°C for a further 2 h and then washed twice with 5 mL of PBS, harvested from the culture flasks with 0.5 mL of a 0,025% trypsin solution, centrifuged for 10 min at 1250 RPM and re-suspended in 1 mL of the same culture medium for use in the comet assay. All chemicals were of at least analytical quality. The HAM F10 culture medium was bought from Gibco BRL and the D-Mem culture medium from Gibco BRL.
Comet assay
For each comet assay 20 μL of cell suspension (resuspended haemolymph pellet or CHO-K1 cells) was gently homogenized with 120 μL of 0.5% (w/v) low melting point (LPM) agarose (Sigma) at 37°C and dropped onto microscope slides coated with solidified 1.5% (w/v) normalmelting point (NPM) agarose (Sigma). A coverslip was added and the slide allowed to stand at 4°C for 20 min, after which the coverslip was removed and the comet assay carried out according to the method of Speit and Hartmann (1999) , with the following slight modifications: 1 h of lysis in a solution containing 1 mL of Triton X-100, 10 mL dimethyl sulfoxide (DMSO) and 89 mL of lysis stock solution (containing: 2.5 M NaCl; 100 mM EDTA, 10 mM Tris and 1%(w/v) sodium N-Lauryl sarcosinate, pH 10) at 4°C in the dark, followed by 20 min denaturation in electrophoresis buffer (containing: 300 mM NaOH and 1 mM EDTA at pH > 13, prepared from a stock solution of 10 N NaOH and 200 mM EDTA at pH 10) and electrophoresis for 20 min at 25 V and 300 mA followed by neutralization, fixation in ethanol and staining with 0.002 mg mL -1 ethidium bromide. The cells were examined at 400 X with a fluorescence microscope using a 420 nm to 490 nm excitation fil-562
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ter and a 520 nm emission filter. One hundred cells were analyzed per sample (treatments and controls) and were classified according to the size of the comet tail: class 0, no tailed; class 1, a short tail smaller than the diameter of the nucleoid; class 2, a tail length 1 to 2 times the diameter of the nucleoid; class 3, a tail length more than twice the nucleoid diameter (see Figure 1 a to d) . For each treatment the comet scores were calculated by summing the number of cells in each class and then multiplying the total by the class value (0 to 3). The slides were all scored blind by the same person.
Statistical analysis
The potential genotoxicity of the water samples were evaluated using the Student's t-test at the 5% significance level, the Instat GraphPad Software V2.01 Copyright 1990-1993 Dr. Cipolla-Neto, Univ. de São Paulo being used to perform the statistical analysis.
Results and Discussion
We used in vivo and in vitro comet assays to evaluate water samples from three sites on the Paraná River and, in both assays, found an increase in the number of cells damaged in relation to the negative control (Table 1, Figure 2 a,  b) . Water from the Puerto Piray site showed the highest values for all three comet classes. Furthermore, in the in vivo assay, but not the in vitro assay, the differences between the Puerto Piray site and the more northern site at Eldorado and the more southerly site at Montecarlo were statistically significant (Figure 2 a, b) . Our results showed that the damage detected by the comet assay was highest at Puerto Piray (Table 1) , where the paper and pulp mill effluents are discharged and the concentration of xenobiotics may have been higher. At Eldorado, upstream of Puerto Piray, xenobiotics released by the mill would have been more diluted, which would also be true for the downstream site at Montecarlo due to the increased volume of water at this site. In fact, our results show that the least amount of damage detected by the comet test occurred with water from the Montecarlo site (Table 1) . Other studies have reported that pulp and paper mill wastes from show high mutagenic potential (Houk, 1992; Claxton et al., 1998) dissolved in the Parana River water at the three sample points. Differences between the in vivo and in vitro bioassays may have been because in the in vivo assays the toxic compounds could be metabolized by the organisms as a whole, while in the in vitro assays the cultured cells were directly exposed to damage. Alternatively, the differences could also have been due to differences in the background level of DNA damage in the distinct cell types used in each assay that have different mechanisms of DNA incorporation, accumulation and repair (Monteith and Vanstone, 1995; Jha, 2004) . In spite of this, the similarity between the in vivo and in vitro assays is interesting, with the greater part of the DNA strand breaks being represented by comet class 1. In the in vivo test class 1 comets were most frequent for cells treated with Puerto Piray water while class 0 comets were most frequent for cells treated with river water from the other sites. Comparing these results with those for the in vitro assays suggests that whole organisms can process and minimize the effects of contaminants more efficiently that cells in culture (Table 1, Figure 2 a). Our results indicate that C. fluminea and CHO k1 cells are good models for biomonitoring fresh water environments using the comet assay, supporting the work of other authors (Matsumoto et al., 2003; Rigonato et al., 2005) . The high comet scores, and hence damage, in the cells treated with river water as compared to the negative control could be attributed to the action of industrial and urban discharges carried by the Paraná river water. Taking into account scarcity of available information for the region evaluated our results indicate the importance of monitoring the water in the Paraná river to evaluate the nature of the pollutants responsible for the relatively high comet scores seen in our study. A multidisciplinary approach and good chemical characterization of the xenobiotics content of the water may well shed light to evaluate its potential genotoxicity.
